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ABSTRACT 

me variow c e l l  components vere s t e r i l i z d  a t  145OC for 36 burr t o  
determine t h e i r  a b i l i t y  t o  withstand s t e r i l i t ~ t i o n  and the e f f ec t  of t h e i r  
degradation products on cell performance. Pov type# of 8eparatorr ud am0 

s a t e r i a l a  were lnvestlgated. Varioue mothode of r d h g  nylon uero toatod. 

Both posi t ive and negativo p la te r  bem capable of withstanding tho 
s t e r i l i r a t i o n  requirement. 
t i v e  p la tes  decreased t he  pressure build up during r t e r i l i s a t i o n  .ad ha8 not 
resulted i n  a s ignif icant  lose  of c o l l  capacity ln 50 aycler. 

bmoval of ths poly~in3.1 alcohol f r a  tho nega- 

The fibrour raurags w i n g  roparator mntsrials 41% degraded berond use 
during s t e r i l i u t i a n ,  and tho degmdatlon pmductr cawe immediate cell  
fa i lure ,  

The methaor2.lic and acry l ic  4aid g w t t r  on t e n o n  and cross-linked high 
densi ty  polyethylene separators prepared by R.A.1 . m i r e d  s t e r i l i za t ion ,  
Cells containing tho sterilired tef lon bare separators f a i l ed  early due to 
shorts, as d i d  t h e i r  controls. Cell6 containing s t r r l l i s e d  polyethylene base 
reparators havo passed 26 aycles and are still  cyaling, 

Nylon degradation products did not affect ae l l  perforrranae. Of the  three 
w l o n r  tested, Zfiol 38 was not as prone t o  attaok am Zytelr 101 and 121 la 
K o H  a t  145'C f o r  48 hours. Phenol m a  maprior t o  m, nylon-bodied calcium 
chlor ideathanol ,  and he4t for tho are-to-cover rea l  for nylon ~ W U .  Effoe- 
t i v o  realr on glar r - i i l l ed  Zfiel 38 wn not a t k l n o d  and are r t i l l  undar 
invertlgation. 

Evaluation of possible n w  cam r t o r i a l a  remalted l a ' t u o  *ah ma bo 
lnjeot ion roldod u l t h  prosent oquipwnt. They aro Celaon and Ponton. 

Xoldr for 4 new c.80 and amer derign ar0 rmdor constmation for coatin- 
uatlan of tho tmttory t e s t ing  portion of the  program. The n w  dwign i r  
applicable t o  o l ther  a heat or solvent s u l  sr;d should ba stmnga. thn tho 
pro rmt  dorip, 



This  is an interim report covering t h e  testing of reoondary silver-rinc 
c e l l  componentr t o  determine t h e i r  a b i l i t y  t o  withstand r t e r i l i r a t i o n  temp- 
erature  of 14S°C for 36 hourr. 
that ri lver-rlno a0118 steri l ird at  145OC fielded l e s e  than 
rated capacity. The voltage chancteristicr were about 0.10 t o  0.15 v o l t r  
below that of a n o d  ce l l .  The loss of cel l  performance Jar rurpeoted to 
bo duo t o  t he  degradation productr of the separatorr and/or cam materlal. 

In a prwiour  invertig.tion(') it MI found 
of t h e i r  

The prerent investigation war i n i t i a t e d  t o  determine which a e l l  compon- 
ontr would ourwive tho r t e r i l i r a t i o n  environment ud t o  find replacement8 for  
the componentr that f a i l ed  o r  wore detrimental t o  ce l l  performnee. A l l  cell8 
teated i n  t h i o  p r o g l u  wero ratod a t  25 a.h. a t  tho threo-hour rato. 

If. Coll  Component Evalurrtioa 

Tho general mthod of approach t o  m l u t o  t h e  rariotls cell componentr 
war t o  r t e r i l i r o  eaoh component individually i n  realed s ta in lore  rteel con- 
t a i n e r r  equlpped with p r e r m e  gauger. A l l  coxxponmtrr veto atemilired a t  145' 
far 36 hours in an approprhte  quantity of 40$ potamslum m r o x i d e  solution. 
Tho nliquorm f r o m  the  rterlllrod o e l l  aolponontr war ued t o  act ivate  c e l l a  of 
rtmdard conrtruotlon. 
rirtr of col la  aoataining r i x  positlvo and revon negative plates  lasdo ar der- 
oribed i n  t he  June 10, 1962 R q o r t  under JPL Contract Ir. 530177. The sopan-. 
torr eonsiated of one 1 s p r  ei &,--,e? a& three h p r t  e? fib-reus a w w e  car-, 

Tho o e l l r  are ntd t o  fiold 25 a.h. when dircharged a t  the  three-how rate at  

rom temponturn. 
war d e t o m l n d  by q o l i n g  the c e l l s  at t h e  three-hour rate a t  m o m  tsmperaturo. 

Standard construction, ar nferred t o  in t h i s  work, con- 

Tho offoot of the degndatfon productr on c e l l  performance 

The r t o r i l i r a t i o n  oontainers wero foxwd from 1/16 lnch rtainlerr #tool 
r h w t  ud w l d d  aororr t ho  bottom ud up two rider. After wolding, tho CIIU 

wero l u k  cheoked v i t h  a Vooo leak detoctor. Tho raterial t o  be r to r i l i rod  
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war placed in the oontainer the aover war welded on. 
leak checked. The oovewr hd a stainleas rteel f i t t i n g  welded t 3  them for 
attachment of a ];resoure gauge. Marshall Tam preswre gauger d l b n t e d  f- 
rero t o  100 p s i  were wed t o  detorpainr prereur*. 
used t o  e a 1  t h e  thrsadr. Figure 1 rhwo an arsembled e t e r i l i s a t i o n  Container. 

The OMI were agah 

High purity s i lver  goop war 

In odor  t o  oontinue t h l r  progran, it had t o  bo dotomlned whethu 
or not tho a o t i r e  plat0 ~ t o r h l s  vero mpablo of rumiring the  rterillra- 
t i o n  reqquirment. Tho folloving t e s t a  prowl that both tho p o r i t i n  ud 
negative plater ui11 ourvlvo r to r i l i r a t ion ,  ar war oxpeafed. 

1. P o r i t l n  htui.1 

Twontr porl t lve plator (unformed) were r te r i l i rd  in r k l n l e r r  
r t e o l  o u r .  After rteriliutlos tho p l a t e r  ~ a r o  uarhed ud d r t d .  
Three co l l a  wero arrarabled ombining t h e  r t e r i l i s e d  pos i t i r e  plater 
with r0gul.r rt.ndard negative platso and repantore. The o e l l a  wmo 
aotintu! with 85 m l  Or froeh pokseiurr W r o x i d e  and cycled a t  
tho #reo-hour rata. 

Tub10 1 rhwr e011 c a ~ a i t ~  od ~ ~ 1 8  lii~ Of tho COUO. TO 
&to a d l r  oontaining r t e r i l i s ed  pos i t f ro  plater &to p a r e d  49 
a ~ a l o r .  Then 10 no indiaation tht tho peritire p la t e r  V.F. ad- 
verroly a f t o o t d  r t e r l l l r a t ion .  ?ha r o l k g o r  on obarge ud dir- 
chrgo -0 ooaparrblo t o  the ooatrol oollm. 

Nogativo plator  w n  asdo by tho rtraaud pfocedura .ad 
r t o r i l i r d  in t he  r k i n l o r s  r too l  aontaln~rr. Tho plator n m i r e d  

rtarllisation with l i t t l e  rppuvnt  degmd8thnj  hwmwr, tho r i rcon 
pper v l r p  war rawvht  d o g n d d .  The nogatit6 p&br aonld not k 
warhod ud driod kcause tho rlnc oxido would u r h  auy. 

Tho r t o r i l l r o d  negative plates very arrerblod v i t h  rtuxlud 
rop.lmtorr and peritire plrteo t o  r l te  thrn oolls, Tho o d l r  w m  
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activated v i t h  85 m l  of f resh 40% potaasiuoa hydroxide and cycled n t  
t h e  three-hour rate. To date the c e l l s  have passed 49 cycles, ab 

shown in Table 1, and t h q  are giving good cspacities. There l a  no 
lndicntion that the plates  vere adversely affected by the sterl l i-  
u t i o n  procedure. 

?ror fable 2 it vi11 be noted t ha t  the maximum pressure reached 
during a t e r i l l r a t ion  was i n  excess of 100 psig. 
pressure, it was decided t o  t r y  two additional sxperlments t o  deter- 
rine w h a t  consituents of the plates  produced t h e  prersuro. 
test, negative plates vera b u i l t  t h e  standard method except water 
was used i n  place of t he  p o l F i n y l  alcohol, and these plates were 

s t e r i l i s ed .  ?or the second tes t  a laixture of the  ac t ive  materid 
(ZaO-HgO) only was sterilird. 

Becauso of t h i s  high 

In one 

As noted in Tnble 2 the negntive p l a t e r  without F’VA produced a 

m x h  pressure of 62 psig while the nctive meterial aiX without PVA 

produced n presrure of only 32 psig. ?ror these rerults, it is con- 
cluded that both tho FVA bindor ud the viscon paper m p  on the  
negative plater  contribute t o  an excess pressure build up. 

Studard separators and posit ive plates  were assembled with the  
r t e r i l i s e d  negative plates vithout the  PVA t o  build three cells. The 
c o l l a  were fi l led v i th  oleotrolyte .nd cycled a t  tho three-hour rate. 
To date  the c e l l s  haro pnssed 36 cycles with capacities md rol tager  
comparable t o  the  control cells .  This t e s t  lndicntes that it should 
be possible t o  me negative platen that do no3 contain FW, a d  t h i r  
rhoald greatly enhance tho poss ib i l i t y  of getting cells through 
a t e r i l i t a t i o n  without bursting the  case. 

introduced i n t o  the plater  because it was found t o  increase -le 
l i f o  on the A.S.D. program 
cycle (35 minutes discharge - 85 r inu te s  chrge) at  about 255 depth. 

Three cell. were also assembled using negativo p l a t e s  mudo from 

l’he PVA war origlnaUy 

(2) . The cycle war a continuous tvo-hour 

(2) J. A. Konlla,  nR.port of Testing on Sealed Si lver  Oxidbzinc S o c o a d . ~  
Cells,u Contract Ir. U33(600)41&Xl, October 25, 1961. 
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tho a t e r i l l r ed  rinc-oxide material mix. After r t e r i l i s a t ion ,  tho 
material was warhed, dried, pulverired and d e  i n t o  plater. 80 
PVA war u r d ,  but tho Viacon paper map  war urd.  Tho col la  . rdo 
from these p la t e r  hare pared 36 cp ler  and .M perforaing uti#= 
f a c t o r i l r  thur  far, 

1. Pnrmt 8rp.ntora 

? i b m r  m u u p  ( p ~ s ~ c ~ ) ,  -01 and POXmiOn 600 repan- 
t o r  uteriah vera rterilired in separt~to conbinera.  The quantity 
of oach ntor ia l  rteri l ird was equivalent to the  amount needed t o  
build three collr. ApproxSmately 300 m l  of 40% potassium hydroxid0 
wan wed f o r  u c h  material. The pressureo developed by each material 
during r t e r i l i u t i a n  am recorded in Tablo 2. 
were: ?.8.C., 54 psig; -01, 55 prig; Permion 600, 57 prig. 

The maxima prosourer 

n e  l iquor  from tho ?.S.C. a f t o r  r t e r i l i r a t i o n  -8 colored dark 
wber ud it, odor suggortd tho prermco of an O d m .  The materid 
war quite  f r a g i l e  and could not bo wed t o  build cd l r .  

*eo o o l l r  of rturdud separator construction we- fi l led with 
85 m l  of tho l iquor  froa tho 2.3.C. rad qclod a few timer. There 

c o l l r  fielded caprcl t ler  of four t o  nino unpon hours, d tbir 
voltages wero about 0.) r o l t r  below noxanl. T 4  disch.rgo cur*. 
i r  shown in ?igore 2 and l r  8iril.r t o  tho cum0 of c d u s  mterillrd 
at 145' during the  praiour pmgru (nf. 1). 

t h e  ?.S.C. copamtor doflni te ly  rtut bo replace '4 vis probably 
tho p r i m  muso of cell  f r i l u r o  am far as e l e c t r o c h d d  cqmbil- 
i t ier  am ooncoraod. 

It 10 eonoludd that 

Tho l iquor  from b e l  Y.D l i g h t  amber d ~melled stton& of 
amonia. Tho R p e l  war naooed fm the can in one pieco, but it 
war vow 0 ~ 1 1 7  t o m  ud mor. f r a g i l e  than the ?,S,C, Three cells of 
rt.ndard ooastruction wero f1ll.d with 85 m l  of tho l iquor f h m  tho 
s t o r i l i r d  d p e l  md cpled at  tho three-hour mto. To dato there 
oollr  kt0 p r o d  54 a p l e r  ud am yielding oaprcit ior compurblo 
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t o  the control o e l l r .  On tho other had, the  dischargo a w e  of the  
%el cells shown In  Figure 2 doer not exhibit uy divalent rilrrr 
oaido voltago. It 10 r e d l o d  that the  divalent silror oxide voltago 
war also abrent in 00118 rteri l lrd at 12SoC, 

Tho Uqwr from Polaion 600 vsr dark amber rad emellad rtrongly 
of ..mOni. along v i th  another odor. The P o d o n  mteriil war not 
aa u r i l ~  torn as ?.S.C. but it war a t i l l  too f n g i l e  t o  uro to tulld 
oollr. Zhroe ooll r  of rtuui.rd oonstruction were fillad v i t h  85 ml 
of tho l iquor f r o m  rterllired Powon 600 .nd wlod a t  the  three- 
hour rata. 
a ~ p a c i t l o r  worn r0mwh-t lovor thn tho controlr. 
capaai t r  of tho a o l l r  #I about t w n t f  ampere hours ud gmdually 
dropped t o  thlrtoon aapero houri a t  2'7 q c l e r  uhen the  c e l l r  were re- 
pored frca tho tort .  ?ror tho n d t s  of this tcr t ,  it i r  concluded 
that Poraion 600 rhapld not bo tud in an attempt t o  s t o r i l l r e  cellr 
at 145% 

Tho o a r  gar0 n o m 1  dirobarge o p n o r ,  but t h o l r  
The avenge initial 

She. tho odor of amonla ma detoetod in the  l iquor  f'rcm Dyne1 
.nd Pomlon 600, a t o r t  war n d o  t o  dertemhe the  offoot of ammonia. 
A coll  war f i l lod  v l t h  a rolutisn of bo m l  of concentrated ammonium 
4drOXiao and b5 m l  of 405 potarrlum hydroxide. During charge the  
coll t o l k g o  nmor got abon 1.50 toltr .ad t he  ce l l  relf-dircharged 
mor night, t h u  dem0nrtt.ti.q t h o  h a  offout of amonla in largo 
aonomtrrtionr. 
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I: 
I .  

Approdmately f i f t een  square f e e t  of each material war mpplisd. 

Tho 

Half of each separator w p l e  was sterilized at 145OC for 36 hour8 
in the  containers f i l l e d  with 200 mal of 40% potassium hydroxide. 
pressure8 developed during s t e r i l i r a t i o n  were about equal t o  t h e  pro* 
rure8 calculated fmm the  partial pre rmre r  of air nnd potassiua 
hydroxide, indicating l i t t l e  or no v o l a t i l e  degradation product8 
fonnsd. 

After r t e r l l i s a t i o n  the membranes were warhed and dried. Tho 
d f o n a t e d  s t r e n o  g ra f t  on t e f lon  war t he  o q  m p l e  which could 

not be used t o  construct cells .  After drying it became quite b r i t t l e  
and could not be handled withcut rp l i t t ing .  The remaining four BBmplei 
were ueed t o  build ce l l r .  The c e l l s  vere  constructed with s t a n d a d  
posi t ive and negative plater and four layers (two layers around each 
plate) of reparator between the  posi t ive and negative plates. The un- 
r t e r i l i r e d  half of each ample was wed t o  build control  cella. The 
~011s were f i l l e d  wlth approximately 70 m l  of fresh 40% pOt8ESiUm 
hpdraxido and cycled a t  t h e  throe-hour ra te ,  
discharge voltage curve8 for the  c e l l s  are ahom i n  Figurea 3 and 4. 
The capacity and cyele l i fe  data for the  c e l l s  are shown in Table 4. 

The initial (second cycle) 

Bared on the dircharge curves and capacities, init-, t he  
acry l ic  a d d  and no thacq l i c  acid graft8 on t e f lon  gave very good per- 
formsnce8, a d  s t e r l l i r a t i o n  did not apparently ham the  material. 
However, cycle l i i e  on the tenon cella MI not good. Tho r t e r l l hd  
t3flon r e q l i c  acid gm!% fai3sd dter  14 c p l e r ,  The oontrol faild 
after 27 c p l e s .  Both cella i d l e d  becauae of rhortr. The r t e r i l i r e d  
taflan re thaaryl ia  acid graft f a i l e d  after rerm'cpler and i t r  con- 
trol f a i l ed  a f t e r  14 cyclor. Both of there  cella a lso  f a i l ed  becaw0 
of rhortr ,  therefore teflon rhauld not be conridered a8 a bare mnterlal, / 

All four eamples of the  crosslinkd high dens i t7  polyetbylarw 
(XlMpe) material have parsed 26 ~ p l e s  wlthaut failing. The r t e r l l i t e d  
rarple of m t h a r y l l a  acid on XlMpe had a discharge curve caag#rrblo 
t o  the  toflons, but the  three other  sampler had dircharge CUXWM about 
0.05 t o  0.10 volt lwor iadic8ting the  reslrtanco of these  mter r ia l r  
t o  bo groator. 



Based on the c e l l  performance data,  it is concluded that the  
present te f lon  separators w i l l  survive s t e r i l i a a t i o n  but w i l l  only 
f ie ld  1 M t e d  cycle l i fe  - seven t o  fourteen cycles. 
high densi ty  polyethylene w i l l  survive s t e r i l i i a t i o n  and yield better 
cycle l i f e  than t h e  tef lon base separator. 

Crosslinked 

Characterisation s tudies  on the  sample separator8 involving 
resistance, axchange capacity, diffusion, etc., have just been 
completed md wil l  be reported in the  next monthly report. 

In the  previous contract it war found tht the  nyion case war 
appreciably attacked by the electrolf ie  when s t e r i l l aed  a t  145OC. 
narc had been v e q  l i t t l e  evidence of a t tack  at 125°C. 
that c a l l  failure r igh t  be due i n  part t o  the  degradation productr of 
nylon; therefore, a progru war outlined t o  evaluate various nylons, 
coatings f o r  wlon, and other high temperature thermoplastics. 

It war thought 

1. e l o n  

A t r i p  m a  d e  t o  E. I. dd'ont deNemours and C o w  in 
Wilrington, Delavlre on Jane 28, 1963 t o  discuss the  problem of 
nylon degradation i n  hot aaustic. dd'ont's representatives could 
not provide ua with any data on t he  a b i l i t y  of t h e i r  nylons t o  
wi ths tud  attack In potassium hydroxide at 115°C. They mqgested 
t h t  ye try ~ t + e l  421, a mrel:eis resistant 616 q ~ c r :  aid ZJteZ 
38, 8 heat resistat 6/10 nylon. We bad bean using zy%el 101, 8 

general purpose 6/6 nylon. We questioned them about t he  poss ib i l i t y  
of "tailor-ulking" a nylon f o r  our requirements. 
l i t t l e  could be gained rince tho present nylon8 are the  result of 
yurr of intensivo research, ud such a p r o g r a ~  w o u l d  bo qui t0  

They rtated t h a t  

cortly. 

Sampler of Zytel 101, 121, .nd 38 molding pe l lo t r  were s t e r i l i r e d  
In # b m a 8 0  &@el -8 (ox ph8ri\n WI'OXide. h . d q W t O  

quant i ty  of the  mlding pellets ma cooked t o  aasm t ba t  It  y.0 

7 
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representative of the eurfaoe area of inside t h e  nylon caee. 
pressures developed i n  the cane during s t e r i l i aa t fon  are  presented 
in Table 2. The maximum preeeurer vere 38, 35, and 40 peig fo r  
Zytel 121, 101, ud 38, reepectirely, which indicate8 l i t t l e  or no 
gaeeaue degradation produced. 

Tho 

Tho l iquor  from a l l  three nylon I)(Lmpl08 contained eome me- 
pended Pbter ia l ;  however, there war no dirtinguirhable odor, 

V i n a l  sxanination of tho 410x1  sample^ revealed that dl thma 
type8 of nylons vero a t t aokd .  
attack. Thoir ourfacer v e n  raromly rpellod. 27t.1 38 d m v d  tho 
l eae t  amount of attaok, 

Zytelr 101 and 121 rhoved the g r w t e r t  

f f e  wrfaco  vas only a l igh t ly  amidd. 

Nine c e l l s  of r k r d a r d  oonstmction were built. Three ool ls  
each vere activated v i t h  85 
v l o n .  The cellr wero forned and ayoled at the  threo-hour dimchargo 
rate.  A l l  nine oe l l e  have pared 54 cycler and are @vhg perform- 
a n c e ~  companble t o  the control cel ls .  Prom t h i s  t e s t ,  it i e  con- 
cluded that nylon degradation products do not impair cell perform= 
moo. 

of t h e  l iquor from enoh .(upp1e of 

It I s  a l s o  conoldod that  Zytel 38 should be wad f o r  the  caeo 
material in preferenco t o  Zfiel 101 and 121 because it shove the  l e a s t  
UDouat of attack. 

2. C o a t i n g  Materiale f o r  Nylon 

t h e  poss ib i l i ty  of ooating nylon v i t h  60- material t o  proteot it 
fro8 attack potarrium hydroxide during e te r i l i sa t ion .  T h q  rtated 
t h a t  they did not know of any .aterial t o  uee a0 it vu d i f f i c u l t  t o  

During our visit to duPont w a e M  t h e i r  repreaentatlm about 

got uq loaterial to adhere t o  the aurfaco of nylon. 1 

Although dtlPont'r r epmrenk t ivo r  did not think an irrp.rriopr 
a o a t h g  o d d  be a p p l l d  t o  nylon, wo deoided t o  ahoak it aut experl- 
~ b l l y ,  .I Outliaod ia the p r ~ p ~ r r l o  Ut- 1- p.l- 
wt8, YO V O r O  able t o  get W h t  . P v e b  t o  k mtiw8 Of tu0 

different ~ t o r i d r  (Logo C l e a r  tJ-2741 and W o n  315) on 101, 

mlon  t o r t  rtripr, 
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'phe coated test s t r i p s  were sterilized a t  145OC for 36 hour8 
i n  40% potassium w r o x i d e .  
nylon. No h u t h e r  attemptr t o  coat rJlon were .ado. 

3. Nsu Care hterialr 

Both materials vere stripped fm8 t he  

Several m t e r i a l r  were givon consideration for use as possible 
case mterialr but only two nev mterialr merged as possible re= 
placementr f o r  nylon. These are Celcon ud Penton. 

* 

a. nuorocarbonr 

in 40% potassium hydroxide a t  143'C f o r  36 hours. 
~ ~ p l e 8  showed rigns of at tack o r  degradation, but dl three 
~ m p l e s  were discolored. 
l iquor from these sampler because there was not enougb material 
for an adquato tart .  

Sunplea of Teflon ?EP, Halon TVS, and Kel-F were sterilimed 
None of t he  

Cella were not activated wi th  t he  

When it becam apparent that Vlon  degradation prcductr 
were not harmful t o  c e l l  performance, l i t t l e  additional work 
MI done with t h e  fluorocarbonrr. 

b. Epoxy Holding Compoundr 

coqmxxls, but problems were encountered with the make-shift 
molding fixturer. 
trig axpenrive, n w  molda, EO t h io  proasdure Wa8 dropped. 

0. Pentos 

An attempt MB n d o  t o  mold c e l l  cases from epoxy moldfng 

M h e r  attempts would have involved obtain- 

Penton i r  a chlorinated p o l p t h e r  mnufacturd by H O r C U h 8  

Powder C o m p u v ,  Inc. Penton molding pe l le t s  vere sterilired at 
145OC for 36 hours in 40% potassium hydroxide. Examhatlon of 
tho r t e r l l l r ed  Penton revealed that there was only a very r l l gh t  
ourface attack. 
Xo d i r t i ngu i rbb le  odor war detected. Three o e l l s  of rtandarb 
conrtruction were activated with 85 m l  of the  l iquor  ficm the  
sterllired Penton ud -led a t  the  threo-hour rate. To date 
the ce l l a  haro parrd 54 cycler and are comparable t o  the con= 
t r o l r  in performance as notod in Table 1. 

The r t e r i l l r ed  saaple l o s t  l t r  glossy sheen. 
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Penton can be Injection molded using t h e  aame equipment 
snd mold8 ar used for  nylon. A sample of a molded Ponton 
case MI given t o  the JPL repreeentatlrer. 

d, Celucm 
Celcon l r  an acetal  polymer manufactured Q Col~nero  

Chemical C-. 
according t o  rapreuentativerr of the  two conrpanler, Celcon 
ham bet te r  propertier f o r  our application. 

It i r  rimilar t o  duPontrr Delrin, krt 

~ o l c o n  mliling pel le t s  w e n  r t e r ~ ~ i r e d  at  IU'C for 36 
burr in 45% potasriun mrox ide .  V i s u a l  exadnation of tha 
r t e r i l l a d  Celcon did not reveal that it war attacked. Three 
uol l r  of standard eonstmution were activated with 85 d of tho 
l iquor  from the rterilired Celcon and cycled a t  the  thrae-hour 
rate. To date  the ce l l s  have parsed 54 cycler and are glvln# 

performancer comparable t o  the control c e l l s  a8 can be noted 
h Table 1. 

Celuon can also be injeotion molded v i t h  the  rame equlp- 
r en t  ud molds a b  that used f o r  nylon, A care arolded of Celcam 
n r  a l r o  given t o  the  JPL reprerentatioer. 

A, Cover- tdaso 

Throe method8 of red- the cam to the cover on nylon WOIY h- 
rer t igated a8 outlined in the p r o p o d  bp borxllng test r t r l p s  togethor 
and determinfng t h e  tens110 rtrsagth of the  bod before and a f t e r  Irtefi- 
lration. k t e r ,  prototyper of a proposed new car0 and ewer d o o m  vera 

rmled  maor uera r l r o  h v o r t i g a t d .  
~d t o  d m t ~  tho ~ d r ,  Tho ph-01 proved t o  b. bO&, Ewt- 

Both Colcan and Pentan lpIf be b u t  rluled. Sample carer and mor0 
at tho prorent doalga wero heat realed, but tho rsal war lnadeq\l.t., 
Hawaver, tho tertr won omrldored t o  be lnconcltuive becatue tbo pra= 
rent cam and uwor l r  not d e q u t e l j  derlgned for heat serllng. 
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* 

1. %ion 

won: 
chlorido, 22.5 p.rtr v l o n ,  67.5 partr ethanol; and epoxy (Anrmtrong 
A-11). 
0.50 wido, 3.125 incher long, and 0.10 inch thick. Tho r t r i p r  WON 

overlapped 0.5 inch in making tho bond f o r  a t o t a l  red area of one- 
hlf q w o  inch. A prersure of a t  leart 10 poi war applied t o  tho 
a w l  area on stripr realed with phenol and 4 1 0 n  bodiod CaC1~thsno lo  

S l x  mampler of eaah real were s t e r i l i r d  in r t a ln lo r r  r t o e l  CUM 

Tvelto t o r t  sampler of eaah seal vere prepared. Tho W r  t e s t d  
68% aquoour solution of phenol; a solution of 10 partr cilci\mr 

TIM nylon t o r t  r t r i p r  were cut from mlded aaser rad measured 

f o r  36 hourr a t  145'C in 40$ potarriun hydroxide. 
s e a l  wore ased for controlr. The realr were evaluated cluapbg 
t h e  eadr of tho t o r t  r t r i p r  in t h e  Jaw8 of tho t e n s i l e  prrchine ud 
subJeating them to t ens i lo  pull along t h e i r  longitudinrl  axir. 

S i x  w p l e r  of .a& 

Tho rerrultr of tho t e n r i l o  t o r t r  on the  q l o n  sealr are nporkd 
in Table 5. Tho &ta lndimto that t h e  strength of tho rJlon bodid 
caloiur  chlorldo+thoaol d phenol recrlr are not appreciahly impaimd 

tho s t o r l l l r a t i o n  procedure. In mort instanoes, t h e  @on material 
broko boforo tho a d .  Tho e p o q  realm wore weakened & t he  sterilir- 
a t ion  procduro mi voro oonridexmw waker than the  other two s d 8 .  

t h i r  t o r t  data indicated tbat it r h d d  bo porrible t o  red cella 
tho phon01 procduro lf p m r m r e  aould bo applid t o  the  real area 

durlng tho rroling opention. I n  order t o  ovrltuto t h i r  c m e m  wero 
machined f r o m  ono-half inch thiak Z S . 1  38 stoak t o  f i t  inrldo the  

All t h n o  of tho pmtioualy dercribed realr ud a heat seal wen 
t o r t d  with t h i r  prototypo -00 .nd oover. Tho ooter war d r i l l e d  and 
tappod t o  aoco~mxxlato a prosaura gaugo or  a f i t t i n g  f o r  attachment to 

p r u r u n  lino. The col la  wore f i l led with abaut 80 rl of a 
tho won at 145°C. Tho lpaxinun presrurer d ~ o l o p e d  in tho caror voro 
30 t o  32 prig. If tho r d r  m i ~ d  tho t h o d  troatmnt, tho7 wore 

pokrrirn 4droJdd0, ntpported in r k l n l e r r  r t e o l  CIIIr ud plAceb in 
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oheckd out at  room temperature up to a maxlmm prerrure of 90 prig, 
after dumping the potarsium bydroxlde. 

Pollouing l r  a remame of tho mare-to-ooter real tertr: 

1. 
2. 

3. 
4. 
5. 
6. 
7. 

E- SO& 

l. Leak after one hr at  145OC 
2. Leak m e t  tu0 hrr at  145'C 
3. * Lo& after one hr at 145% 
A .  Lo& after o w  hr at 145OC 
5. Leak aftor one hr at  145OC 

Nylon Bodied CaClo - Zthanol S o d  

1. Leak after threo hourr at 145OC 
2. Luk aftor three hours at  14SoC 
3. O.K. aftor 54 hrr at 145OC - Loak at R.T. and 35 pr l  

4. L..lr aftor o m  hour a t  1U00 

Bard oa the rorultr of thome mul tortr, It i r  conolwlod tht 
phon01 produoor the beat  rul. Tho d r  on caror wldod of @arm= 
filled Z7tol 38 u o  raebwht doubtf'ul. T 4  llfe of tho phmol m a l  
l r  almo quortlonahle. Orw of tho phenol ro5led camor war l n v o r t d  
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BO the  potarsium lvdroxide i r  in constant contaot with the  seal t o  
t o r t  its rtand l i f e .  Additional tests ouch ar invert ing the care 

durlng r t e r i l i r a t i o n  rhould bo a d o .  

Thoro i r  no known rolvent real fo r  e i the r  Celcon o r  Penton, 
and both r v t o r l a l r  murt be heat raled. Care, and covere o f  tho 
prorent derign vero moldod of Celcon .ad Pulton urd vero heat realed . 

orature but leaked &or a few hourr a t  145OC. Tho prorent care and 
owor am not u l u p t e l y  designed for  heat r e d i n g ;  therefore, tho 
heat real of Colcon md Penton cannot be properly evaluated u n t i l  
newly designed caeer and coterr are available for t e r t ing .  

U S ~ W  hot teohniqw. Tho r ~ l r  held 5a - 60 peig at mm tap= 

8. Terminal-to4m.r S o d  

Tho tormbal-to-coror real war evaluated & molding metal pino in 
t o r t  aups t o  r i rml . to  tho tormlnal in the cover. Flguro 6 show a cut- 
avy  drawing of tho t o r t  cup ud the  actual  telrminsl design. From t h e  
f iguro, i t  oaa bo reon that the  t o r t  cup ohauld be more apt  t o  leak than 
tho  termirrcrl in tho omor. 

!fho t o r t  eupr woro f i l l e d  with 40$ potarriun hydroxide and placed in 
a holding flxturo which war a t k a h d  t o  a mrnlfold system 80 f lve mnplor 
aould bo t o r t d  r i r n r l k n m l y .  ?lgurw 7 .ad 8 show t o r t  cups, holding 
fkturo, rrrd W o l d  s i t  ~ p .  %a t e r t  s.pperatm W_R r-ttrrchod t o  an a i r  
l h o  and the qrtom war gradually rubjeoted t o  a t o t a l  pressure of 90 
pr ig  at m a  t q e n t u r o .  k.kr vero d o t e c t d  mbblng the outsido 
area aFOUIYI tho pln uith phenophthleln which turned red l f  a leak 
oouurrd, 
d u o d  t o  65 prig, ud tho a p p u r t w  war phcod ln tho o w n  at  145'C for 

If no l uk r  worn d e t o a t d ,  the prerarre in tho qrtem me ro- 

Of 48 hQ\VIe 

1. won 
Ton Z7trl 38 maplor  voro tooted a d  dl of them nrrrird tbo  

pr ig  roan temperattm to r t ,  vhlle f ivo  mired both to&. It i o  
t o r t .  Fir0 otlt Of ta g l a r r - f l l l d  27t01 38 I(LmPf0fi f a l l d  tho 90 
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thought that the  reason f o r  fa i lure  of these is due t o  the  fact 
that the  glass f i l l e r  does not a l low the  nylon t o  contract t i gh t ly  
around t h e  metal insert. The problem a lso  be asaociated with 
moldtng techniquer and is being investigated further. 

2. R w  Materiala Panton and Celcon 

Teste were d e  on the  texmlnel-toccover s a d  for Penton 88 

described a h a .  Fire Penton t e s t  eunpler failed t o  hold e1eett.Or 
we at  90 prig at room t q e r a t u r e  md f ive  ramplea leaked a f to r  
two t o  three h o u r  in the men at  145% and 65 prlg. 

Irive Celcon test aampler were t e s t d .  Hone of the  manplea 
leaked a t  90 psig a t  room temperature, but two eamples broke a t  the 
flange of the  t e s t  cup within 24 hours a t  145OC A 60 prig. hro d 
the  8ampler broke a t  the flange betveen 30 rad 48 hour8 rad 0x10 

umple mired the  t e s t  for  (58 hours. No leaks were detected a t  
metal-to-plastic real on my of the  q l e r .  

A r  previourlj. noted, the design insert8 in the cover should not 
be as apt t o  leak as the  s t ra ight  metal pins in t h e  t e s t  cupel there- 
fore, a holding fixture t o  t e s t  the  terminal seal  in actual  c ~ ~ e r r  
war derignd. Coverr molded of Penton d Celcon uere tested. l o  
leaks were detected at 90 psig at  roam temperature. A t  145OC a d  
60 psig t?-e rider of the  cover8 buldged out after a few houm ud 

?he t e a t  flxtursr a- b d q i ~  wdifled t o  arpport the  sides of the 
COIOXW. Flgure 9 shwr a dleasscmbled and an assembled r i e v  of the  
t o r t  flxture. A d e w  of the modified t e s t  fixture is a lso  provided. 
Tertr bare not b o a  mde with tho modified f ix ture  a t  thlr t b .  

produce3 a leak between t he  cover and the  face of the t e a t  fixture. I 

IV. xw Car. Con? Doria 

Th-e new eare d aover dorignr are lllwtratd in t h e  &etch in Figrue 10 
ud oan be uolpard t o  the prorant e u e  .rd wver rhovn in ?%@we 11. Tbe 
arrtrido cell diamrionr  of t h e  new 0110 aro about the   BO a8 the prorent 
0011. The wall thlekners of t he  new 0.00 yu lacrearad from 8.10 to 0.425 
inchor for a d d i t i d  otrargth. 
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The main feature of the  new design I s  the  cover-to-case real arm ar It 
has three advantages over the  present design. 
able t o  a heat seal which vi11 be necessary if e i the r  Celcon or  Penton l r  
used ar a case mterlal. 
t o  the  seal area between the  aase and cover. Uhen pressure I s  applied t o  t h e  
sea1 area of the present design, the walls of t he  case bow In  where the cover 

overlap8 the case, consequently, very l i t t l e  pressure I s  ac tua l ly  a p p l l d  be- 
tween the cover and tho carob The third l s  that there a ro  no weak rpotr duo 
t o  rhouldorr ud ledger in tho new care such as there are in tho present caso. 
A i  can be noted In  Flguro 11, t he  wall thickness o f  t h e  care a t  tho mal area 
I s  only about half that of the body of t h e  case. I n  addi t ion it W i l l  be noted 
that there I s  a detent  o r  notch molded i n  t h e  eldo of tho  case a t  the  seal area 
t o  prorido a OMP f i t  of the case md cover. 
ners I s  only about 0.01 inch and bar been a source of falltur. During the 
previous invert igat ion met of t h e  leaks occurred at  t h e  cover-to-case s e a l  

duo ol thor  t o  poor a u l a  or oraoks In t h e  case, 
should a l l w l a t o  thlr p r o b l k  

One I s  that It i r  more applic- 

Tho second advantage I s  that pressure can be applied 

A t  these notches the  wall thlck- 

It l r  fe l t  that the new design 

The terminal-to-cwot rod m a  not chnged since past experience has proven 
It t o  be quite adoquato. hldr for t h e  new care are under construction d 
should be oompleted tho f l r r t  or rwond week of D e o a ~ b e r .  

Unforred pos l t l ro  plator  w n i v o  rteriiisation U-ithctt detz?an+icl  effects. 
Unfomed n e p t i r o  phtrr  mmlre r t o r l l l r a t l o n  vlthout dotriwnrtal  effects ;  how- 
over, ahnormal prorruror am producd during s t e r i l l r a t l o n ;  The pressure problom 

PVA biador can bo o l i r i r u t d  wlthout rerlour l o s r  In -10 llfe, and It r i g h t  
k posrlblo to m b r t i t u t o  mo of tho n w  moprator r t o r l a l r  for  tho rlrcon paper. 

1, a r s o c l a t d  with tho p~ l~wl  iloohol  b M U  .ad the  VI~COII UXWp. Tho 

Tho fibrow UUI~I. caring mopamtor mtori.lr .wt bo rophod. D p o l  l a  
d o g n d d  mnd w e  rad c.0101 l o s r  of d l r a lon t  r l l n r - o x l d o  w l k p  on dlr- 
ohrgo. ?lbro\ls mauugo orring 10 roverely d o g d d  rrd i t a  dogradation pro= 
duotr  oeuro i r e d h t e  0.11 failure. Pormiorr 600 i r  not d o g n d d  am rmoroly 
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am -el or F.S.C., but i t a  degradation produots cause early a011 f a i l w ,  
probably because it is a oellulosic type 8lateri.l. 

Degradation produatr frOB the  three v l o n r  tested do not reem t o  &feat 
aelf  perfomnce.  
sium hydroxide than w e 1  38. Prellirinarj. work indimtea that Q te l  38 can 
be used as a case naterial ud i r  the  k a t  roleation of tho @On8. 

Zfiels 101 ud 121 are mom severely attaoked hot p0t.r- 

Two other possible aare rratorialr, Penton aod Cdcon, vero i d  which 
aro not appreciabv athoked durlng r te r i l i ra t ion ,  and tho i r  dogradation pro- 
duatr do not affeet oell perfonaance. Both materials can bo molded with tho 
-e molds urdl equipment ar used for v lon .  Both mterials must be hmt 
radled. The cover-to-case red cannot be properly evaluated u u t i l  the new 
clser ud coverr are arailable for  testing. The temdnnl-to-cover red ordua- 
t ion  bar not boon aorpletod ud rs3aainr in doubt. 

O f  tho faor rethodo of red-  @on imestigatod, phenol produaor tho 
best m a l ,  krt i t r  r o d 0 0  l i f o  i r  quartionable. W i n g  glnro-filled Z y b l  38 
bar not kon maeerribl  ud eontintled w a l u t i o n  l r  1 ~ 0 o n n d . d .  ?our of tho 
f i r e  new mopamtor matortah eupplied 
n r n i v d  r ta r i l i ra t ian .  S t o r i l i r d  teflon base soparatorr with acryl io  ud 
wthacry l ia  aoid graftr fa i led  aftor eevm t o  ssnnteon  cyales because of ehortr. 
It i~ thought tht tho rhortr  are due t o  d l  holee inherent in the tef lon film 
during mnufaoturo. Tho r to r i l i t ed  ororrlinked high density polyethylene repam- 
torr aut bo ooncludal t o  bo tho boot r i n o o  they bar0 p r s e d  26 oyaler without 
failtars, 

Radiation AppXcatlons Incorporated 

S h a o  tho ahiof aauso of a e l l  fa l luro h r  boon t m c d  t o  the separatorr md 
n w  repamtor matarlala h r o  bean found, it i r  naomzended.that t he  progtu  bo 
c o n t h u d .  tltilirfng tho propord new oam .nd aover design ud R A f .  mop=- 
t o r r ,  it rho- bo porribla to bulld o e l l r  which will mmlvo tho 145°C rterll- 
f r a t ion  r o q u h m n t .  T b  a7010 l i i o  i r  voted t o  be ar good am tht of tho 
ororrllnked high donrity p o l p t ~ l s n o  r e p r a t o r r  wbioh bar0 p.rrd 26 ayelor, 
Both tho m o t h a q l i a  .ad aarylio aoid graftr  on arossllnked high denrity pow 
d b l e n o  mmbnner rhoold bo trid in tho nact p h r o  of tho program, 

! 
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TABLE 1 
Capacities of Varloua Cell Groupr - Ampere Hour8 

C p l o  5. 10 15 20 25 30 35 40 45 50 5b 
Dp.1 1 

2 
3 

Pontaa 1 
2 
3 

2-101 1 
' 2  

3 
2-121 1 

2 
3 

Control 1 
2 
3 

P-600 1 
2 
3 

Celoon 1 
2 
3 

2-38 1 
2 
3 

T .S .Hog. 1 
2 
3 

T.9 .?or. 1 
2 
3 

T .s .Hog. 1 
NoPVA 2 

3 
zno-Ff#o 1 
M I X 2  

3 

23.5 26 24.2 23.6 22.8 24.3 28.3 26.9 25.8 23.1 23.1 

27.0 27.5 26.9 26.6 25.0 26.2 27.7 29.2 27.6 25.5 24.9 
26.0 28.5 28.7 28.1 26.8 26.2 30.0 28.2 26.7 25.3 24.3 

24 21.8 22.4 23.1 23.7 23.2 22.2 22.5 21.6 21.0 
26 26 22.5 23.1 23.7 22.8 23.2 22.5 22.2 21.6 21.6 
23.5 23.5 22.2 23.1 23.8 22.7 23.0 23.4 23.4 22.6 22.7 
26 28 28.0 29.1 23.0 2G.6 29.0 28.2 28.5 20.4 28.6 
23 23 19.4 20.4 21.9 21.8 22.8 21.7 21.6 21.6 20.9 
24 27 23.4 23.7 24.0 22.8 22.8 22.2 21.9 21.6 21.8 
18 23 17.2 19.8 20.6 20.8 19.8 19.2 18.5 19.1 16.8 
22.5 24.5 21.8 19.8 19.9 21.3 20.1 19.2 18.8 16.8 13.6 

24.5 25.5 24.2 25.1 24.7 25.4 25.5 25.2 26.1 26.9 26.4 
27 26 24.4 25.5 25.8 26.0 26.3 25.6 25.5 25.0 24.6 

24.5 25 23.0 23.6 24.6 23.9 25.5 24.7 25.2 26.9 26.0 
19 20 17.0 13.4 19.8 20.8 26.3 23.1 23.3 24.3 23.7 
21 22.5 20.4 20.6 21.8 reamed from t e a t  aftor cycle 27 
18.5 20 15.7 14.4 9.5 
18.5 19 15.4 15.8 13.6 
24.5 25.5 22.8 22.5 22.5 22.5 2308 23.6 23.2 21.5 22.4 
24 25 22.0 20.0 19.5 20.1 21.6 19.8 21.0 21.0 21.0 
27 28.5 25.9 26.8 26.6 26.8 27.5 27.7 27.9 29.0 28.4 
25.5 26 28.4 27.5 27.9 27.9 27.9 28.4 29.0 28.5 28.4 
25.5 23 24.6 24.3 25.0 25.7 2?;6 26.7 27.0 27.6 27.8 
26 29 25.6 26.1 25.9 26.4 27.3 27.5 27.0 27.6 27.8 
22.5 26.5 27.6 27.4 27.2 25.4 26.9 26.2 29.2 
21.0 23.5 22.6 24.1 22.2 20.6 20.6 22.7 23.6 
23 26. 26.6 25.8 26.0 2A.Q 26.9 26.4 20.4 
21.5 25 26.6 24.? 27.6 29.9 29.4 30.0 30.8 

24.5 25 25.2 25.8 26.4 28.8 27.1 28.2 .29.7 
22 22 24.9 26.8 25.2 24.2 23.5 

22.2 23.7 27.6 23.8 27.3 26.2 26.4 
23.3 23.8 27.8 26.1 24.5 22.5 23.4 

21.6 23.2 29.2 28.4 26.8 24.8 26.1 

22.5 23.5 26.0 25.5 25.2 27.9 26.9 27.9 28.8 

24.3 24.2 28.0 29.0 27.3 26.0 27.3 

24.6 25.6 29.2 27.6 27.2 25.5 n.0 

Eve17 f i f t h  cpalo reported. Intormediato q c l e r  oritted f o r  mako of brevity. 
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FIGURE 1 

Stainless Steel Steril lration Container 
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FICUHE 5 RFm WO.. . 

Prototype Case and Cover For Seal Evaluation 
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?INIRE 6 

Crors Section of Tort Cup and Terminal lkellpl 
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FIGURE 8 

Apparatus For  Terminal-to-Cover Seal Evaluation 



FIGLYE 9 

Cover and iiold!r,g Fixtures - Terminal Seal 
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RE-ORDER NO.. . 
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FIGURE 11 

Present Case and Cover 
RE-ORMR No. 
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